The bluefish, Pomatomus saltatrix (Linnaeus, 1766), the only representative of the Pomatomidae family, is a key fishing resource that represents a substantial part of the landings at RESEX-Mar of Arraial do Cabo-RJ. The species is broadly distributed throughout the continental shelf in tropical and warm temperate waters of the Atlantic, Pacific and Indian Oceans. It forms pelagic, large and fast moving shoals in relatively deep offshore waters, and draws close to the coast when temperatures reach from 12˚C to 15˚C. Its displacement is conditioned to the movement of shoals of small fish such as herings; shrimp and squid, all of which are preyed upon. This work had the main purpose of evaluating the growth of bluefish through the distribution of length frequency (One-Way-ANOVA) and the Relationship between Total Length-TL (mm) and Total Weight-TW (g)-LWR; from daily data collections from March/2017 to March/2018. The analyzed specimens were obtained at fish markets of Arraial do Cabo-RJ and fish landings at the Fishermen's Harbor of Praia dos Anjos. They were randomly sampled from fragmented cohorts of the local stock. A total of N = 2057 specimens were primary analyzed. TL values varied from 201 mm (minimum) in February/2018 to 915 mm (maximum) in September 2017. The average TL was of 541 mm and the average TW of 1428.5 g. The value of angular coefficient "b" in the potential flow was 2.6, and the value of "a" was 9E−05, expressed by the equa- were found for females and W = 2E − 05L 2.8 for males. Knowledge over their general biology is extremely important when it comes to knowing the ecology of this species for subsidize a future and adequate fishery management.
Introduction
The bluefish (Pomatomus saltatrix, Linnaeus, 1766) belongs to the order Perciformes and to the Pomatomidae Family [1] - [7] . The species reaches average length of approximately 600 mm, maximum length of approximately 1300 mm, average weight of approximately 3000.0 g and maximum weight of approximately 14,400.0 g [1] [3] [4] [5] [6] [7] . The bluefish presents different growth ratios between sexes, with females tending to be larger. The length at first maturity varies from 250 mm to 430 mm [8] . The maximum age registered is of 14 years [9] .
It is a cosmopolitan species that occurs in all tropical and neotropical waters [1] [3] [4] [5] [7] [10], except at the east and northwest of the Pacific Ocean in Figure 1 [6] [7] [10] . In the East Atlantic Ocean (Oriental Atlantic Ocean), it occurs from Portugal to South Africa, including the Mediterranean Sea and the Black Sea, Madeira Island and Canary Islands; in the West Atlantic Ocean (Western Atlantic Ocean), it occurs in the region of Nova Scotia, in Canada and from Bermuda to Argentina; in the Indian Ocean it occurs throughout the east coast of Africa, Madagascar, south of Oman, southeast India, Malay Peninsula and west Australia; and in the Southwest Pacific Ocean it occurs in Australia, except for its northern territory, and in New Zealand in Figure 1 [5] [7] [10] . In Brazil (Southwest Atlantic Ocean), it occurs throughout the entire coastline in Figure 1 [11] [12] ; with abundance cycles, sometimes scarce for years and sometimes in incredible quantities that coincide with the abundance cycles of the populations of prey [2] . The space and time analysis of the bluefish distribution in icthyoplankton and of spawning times suggest mainly two stocks in the North Atlantic (Florida Stocks), as well as another in the South Atlantic [13] [14] [15] .
In South America, bluefish migrate annually along the coast, northward and seasonally [6] . The species migrates along the coast following the western boundary of the neotropical convergence between the ocean currents of Brazil and Malvinas (Falklands) [16] . Captures suggest seasonal migration upwards: March in Argentina, July in Rio Grande-RS (BR) and November in the state of Santa Catarina (BR) [10] . The bluefish is a migratory pelagic coastal and oceanic Open Access Library Journal species that moves close to the water surface along the continental shelf. Adults migrate to spawning areas, eggs and larvae are usually transported along the coast and the recruits migrate to coastal areas and estuaries where they are mainly piscivorous and grow fast [17] . Bluefish perform apportion egg deposition and have ongoing fertility, generating a great quantity of small eggs during spring migration [18] [19] .
It is easily found near shores, especially in surf areas, islands, rocky coasts, agitated areas with foam formation, bays, areas estranged from the coast and around islands. Smaller specimens can also be found in shallow waters of up to 2 m deeper, estuaries, the young specimens can be found in mangrove forests and lagoons [1] - [7] [10]. Large adult specimens are usually seen by themselves, often associated to billfish and elasmobranchs, while young, with a Total Length (TL) lower than 250 mm, and medium-sized specimens, form small shoals. These shoals can reach up to thousands of individuals [7] , and usually draw close to the coast when temperatures reach from 12˚C to 15˚C [20] .
Bluefish are great swimmers, powerful and voracious predators, the term "saltatrix" means "dancer" in Latin, referring to its great agitation when hooked; who feed off different small and large fish, shellfish such as cephalopods and especially squids, as well as crustaceans, at larvae stage, bluefish feed mainly off copepods [21] [22] . A study conducted in the south of Brazil examined the stomach contents of 516 bluefish specimens [22] . The authors found that, during summer, Pomatomus saltatrix basically fed off four species (Loligo sanpaulensis/Brazilian squid or São Paulo squid, Artemesia longinaris/Argentine shrimp, Mullus argentinae/Argentine goat fish and Paralonchurus brasiliensis/Banded croaker) while, during fall and winter, Pomatomus saltatrix mainly fed off Engraulis anchoita (Argentine anchovy). The authors concluded that the seasonal variation in the diet of the bluefish is related to the availability of prey in the studied area, which confirms the species' opportunist behavior. The search for a dietary pattern over time showed a clearly opportunist characteristic, with no pre- [23] . There are records of bluefish shoals that kept on attacking and killing even after having satisfied their appetite [5] [6] [7] . Bluefish are capable of eating twice their weight per day. When they attack small fish, bluefish tear them to pieces. There are records of bluefish that regurgitated their food to attack again and also records of a preference for larger prey. Studies show that larger prey excite bluefish in such way that they attack even after being satiate. The bluefish have a compulsion for killing, which makes them a controller of many species' populations, especially of small teleosts from lower trophic levels. When these populations become scarce, bluefish shoals tend to migrate [2] . The reproduction of this species apparently happens in offshore waters, with eggs and pelagic larvae developing while they approach near shore [2] , throughout the year, in warmer waters and seems to be seasonal at high latitudes [10] . Despite its larvae capacity for long distance dispersion, the gene flow between the subpopulations is extremely limited [24] . The bluefish has a PLD (Pelagic Larval Duration) oceanic, large and relatively long, which, by the action of the wind and currents, facilitate its global dispersion.
Analysis of the mitochondrial DNA of specimens of Pomatomus saltatrix suggested the existence of an exogenous action in the Atlantic Ocean that, due to environmental influence, generates many morphotypes [25] . A recent study indicated that the populations in both Western and Eastern Atlantic Ocean seem to be isolated [25] .
In the South Atlantic of the USA, spawning happens from March to May, September to November and May to August [27] . Spring and summer spawning, generate neonates that migrate from the estuaries to the continental platform of the USA during the beginning of fall, while adults are found at the continental platform during summer and fall [28] . Spawning in the Gulf of Mexico may occur in April and from April to November [29] ; larvae are rare in the west of the Gulf. In the Brazilian coast, spring spawning probably happens in the south, near the Rio Grande-RS (BR) coast, at Parcel dos Carpinteiros. According to the methods of analysis used and quoted by [10] , the Gonadosomatic Index (GSI) of captured males at Rio Grande-RS (BR) shows a higher value in November, while the Gonadosomatic Index (GSI) of females is high from October to March, with peaks in November and March, indicating apportioned egg deposition. Spawning, seasonal migration and life cycle are strongly linked to temperature. Spawning occurs in superficial waters with temperatures varying from 20˚C to 26.8˚C [17] .
The bluefish, in Figure 2 ; is an important fishing resource all over the world, representing a large share of all fish landings of Arraial do Cabo-RJ. Its fishing activity is intense, using purse seines, dragging nets, hand lines, gill nets and many others [30] .
Currently, fishing continues to be the main source of impact on marine and coastal environments, contributing to the global loss of biodiversity [31] The history of production in Brazil shows different levels over time, with the tendency to downfall. During the 70's, production was around 16 thousand tons, while in the 80's it went down to 8 thousand tons. For the last two decades, it has been stable around 4 thousand tons, a clear index of over exploitation. In the beginning of the 70's, fishing was 400% higher. The state of Rio de Janeiro is known for keeping a constant production since the 90's, annually producing around 1 thousand ton [10] . It is estimated that 23% of all marine fishery stocks in Brazil are being totally exploited and 33% are being over exploited, including species of lower trophic levels [40] [41] [42] . The bluefish is framed into the category of over exploited living resources, those that, from such a high level of capture of specimens of all ages, show a reduction lower than safe levels in biomass, potential to spawn and future captures [43] . A management plan must be developed, aiming to recovery the stock and the sustainability of the species' fishing [43] . Brazilian Normative Instruction MMA N.53/2005 currently establishes, among other species of fish, a minimum of 350 mm size for captured Pomatomus saltatrix, specimens with possible first spawning already performed and possible matures, as long as there is no use of gill nets or part in amateur fishing competitions. This norm has a poor regional validity and extends through the coast of the states of Espírito Santo (BR); Rio de Janeiro (BR) with fishing tackle or prohibition not yet attributed; São Paulo (BR); Paraná (BR); Santa Catarina (BR) and Rio Grande do Sul (BR) [10] .
Size variation has important implications on many aspects of fisheries science and population dynamics [44] . Studies on Length-Weight Relationship (LWR) are very limited [45] - [50] . The study of LWRs is considered important to obtain different types of information such as growth rates, age structures, age at first maturity, stock discrimination and studies on population dynamics [50] - [58] to subsidize futures and betters fisheries managements around the world. Other than that, LWRs can also be used to find the relative condition factor, establish-Open Access Library Journal ing performance equations to estimate the number of fish landings and compare the population in space and time [59] . LWRs are usually calculated through linear regression of data transformed into logarithms. According to the literature, the Ordinary Least Square Method (OLS), or "predictive" regression [60] , is the most commonly applied method to estimate LWR's parameters. Parameter "b" of the LWR equation (W = aL b ), where W = Total Weight (TW) and L = Total Length (TL), also known as the isometry coefficient, has an important biological meaning, indicating the rate of weight increase related to length increase. Variability in the value of "b" is usually detected among different populations of the same species or within the same population at different times. This may be a reflection of changes in conditions related to feeding, reproduction or migratory activities of individuals [61] [62]. The maximum length and weight are important parameters used to study life histories and fisheries science. Therefore, it is important to regularly update the maximum size of commercially relevant species [63] . The idea of creating the Arraial do Cabo Marine Extractive Reserve (RESEXMar), a Conservation Unit (UCs or CUs) for sustainable use, emerged as a comeback to the industrial fishing fleets that come from big cities and have been invading the seas of Arraial do Cabo since the 80's [64] [65], conducting fishing activities in areas used by local artisanal fishermen. It was the first Marine Extractive Reserve in Brazil, created by a Presidential Decree in January 3, 1997 [66] . The establishment of a National System of Conservation Units (SNUC) by Law N. 9.985/2000 caused some changes in the definition of extractive reserve in Decree 98.897/90, which described it as a territory purposed for autosustainable exploitation of natural resources by extractive populations, managed by Chico Mendes Institute of Biodiversity Conservation (ICMBio), created by Federal Law 11,516 of August 28, 2007 . In these terms, the RESEX-Mar becomes a co-managed instrument of natural resources and marine ecosystems, for it distributes the power of decision among the State and the communities of people who use these resources [67] .
Currently, the city of Arraial do Cabo, may be considered as one of the most traditional fisheries nuclei in the Rio de Janeiro State, due to its production indexes [68] . According to national statistics, these indexes place Arraial do Cabo-RJ among the cities with the greatest fishery productions in the country [69] . This kind of pressure may lead to the depletion and abandonment of the management model agreed upon in local cultures [67] .
The main purpose of this work is evaluating the growth of bluefish through the distribution of length frequency (One-way-ANOVA) to provide information on the Length-Weight Relationships (LWRs) of bluefish (Pomatomus saltatrix, Linnaeus, 1766) a key captured fishing resource that represents a substantial part of the landings at RESEX-Mar, coast of Arraial do Cabo-RJ. And through daily collection, of data from commercial captures bought, for a year, reveal possible changes undergone by the species during its growth throughout the months (season annual distribution). Considering that the region is an important Open Access Library Journal RESEX-Mar, a Conservation Unit for sustainable use, it also has the purpose of summarize information on fishing activities and captures of the species to the community. These data will be presented to the local agencies in order to subsidize a future and better fisheries management of the studied area. And, if possible, the model of the present study can be applied to other conservation units around the world; since, currently, there are few related studies.
Materials and Methods

Studied Area
Located on the east coast of Rio de Janeiro State, the region of Arraial do Cabo (Lat. 23˚S -Long. 42˚W), in Figure 3 ; presents favorable conditions for fishing activities.
The region has an important characteristic: a unique ocean projection in comparison to the coast, which makes it one of the locations in the Brazilian coast that most advances towards the sea. The geographical aspect is determinant to an upwelling's situation system, that brings up cold waters rich in nutrients from the South Atlantic Central Water (SACW/ACAS), with peaks during spring and summer [70] [71] .
The Arraial do Cabo-RJ RESEX-Mar has a marine range of three miles off the coast toward the ocean and 56,769 hectares of water line, according to approximate geographic coordinates: Western Limit: Southern Boundary-22˚56'21'' - 
Samplings
The 
Analysis
The estimated values of LWRs were calculated using the equation W = aL b [72] .
This may be shown in a linear regression way after the logarithmic transfor- 
Results
In ; W = 6E−05L 2.6 and W = 9E−05L 2.6 , respectively in Figure 5 . The LWR's parameters of fish are affected by the external environment, degree of stomach fullness, maturity of the gonads, diet, sex, etc. In the present study, we especially reference the general upwelling's peaks influence [76] [77] [78] .
The LWR's "b" parameters usually vary from 2.0 to 3.5 [79] . In the present study, the estimated growth coefficient (b), for Females, Males, Unsexed specimens and for Overall, were within the references expected interval of 2.50 -3.33 The distributions of TL Classes (mm) for the bluefish, in the present study, mostly presented a normal growth curve, corroborating with the description of the references and with being expected in Figure 6 .
The monthly distribution of TL Classes (mm) for the separated sex, according to production and the availability of copies for sale, presented smaller difference and standard deviation among the means as expected in Figure 7 , probably, caused by the lower number of samples (N).
For Overall, the monthly distribution of TL Classes (mm), according to the analysis below (One-way-ANOVA) employed to evaluate if there were differences among the monthly samples, with the Tukey test presenting F = 94.6 and p = 0.0 (p ≤ 0.05) and with the result of Kruskal-Wallis test (KW) of 822.5; p = 0.0 (p ≤ 0.05), showed a low difference between the averages of the growth rates between the months sampled thus presenting low standard deviation too in Figure 8 .
Discussion
Studies demonstrate that most fish do not change their body shapes as adults [75] . Very strong deviations of b = 3 usually result from questionable studies [74] [75] . The Length-Weight Relationship parameters are extremely important for the biology of fish and their fisheries management [80] . The Le Cren's concept hypothetically affirms that the ideal "b" value for fish is 3, indicating an Isometric Growth that is broadly used as a scale in the study of LWRs [81] . Different "b" values refer to fishing periods, abiotics ecological factors, food provision, spawning conditions, etc. The type of growth of the species may change happen due to variations in ecological conditions of habitats, in physiology or in any of those [59] . Other than that, these differences depend on time and size of the sample, greatest amplitude, on the non-selective fishing equipment, on seasonality, fishing pressure, reproductive season, etc. When comparing LWRs available in the literature, one can find and extensive variability of parameters for this species in Figure 9 . Variables related to sampling include the size of the sample, the distribution of length, the type of length measurement, while nutritional conditions represent the intrinsic biological variability [82] .
It is known that individuals in populations that are exposed to high levels of mortality and/or fishing pressure will respond by reproducing in medium size and lower ages [83] The bluefish is considered as Vulnerable (VU A2bd), due to data uncertainty, but there is no regulation or national listing to guarantee its protection [84] [85] [86] . In this case, the monitoring of Arraial do Cabo-RJ RESEX-Mar should have a more precautionary function [67] . Measures for conservation, suggested by many, include the reduction of fishing efforts by purse seines and a capture limit for juveniles [87] ; the official determination of a closure season, of 4 monthsDecember 1 to March 31, during the summer-autumn spawning and upwelling's peaks, as well as the establishment of a minimum capture size of 350 mm, specimens with possible first spawning already performed and possible matures, probably avoiding the capture of recruits; reinforcing that the Rio de Janeiro State (BR) is without fishing tackle or prohibition yet attributed [10] .
Studies suggest a need for improved monitoring of all fisheries, including often neglected small-scale fisheries, and illegal and other problematic fisheries, as well as discarded by-catch [95] . The low attention that small-scale fisheries endure in most parts of the world [95] [96] manifests itself in potentially misleading statistics that are submitted annually by member countries of the Food and Agriculture Organization of the United Nations (FAO), which may exclude or substantially underreport small-scale fisheries data [95] [97] .
The most important trend of the world marine fisheries catches is not one of "stability" as carefully suggested earlier by FAO, but one of decline [95] . Until now artisanal and subsistence fisheries generate about one-third to one-half of the total global catch, as assessed by catch reconstructions for all maritime countries of the world [95] [96] [97] .
For the monthly analysis of Overall, there was a greater difference between the means of TL (mm) and a greater standard deviation, since for the monthly analysis between separated sexes a smaller difference and a smaller standard deviation were found, probably caused by the lower number of samples (N). However, it can be observed that there is significant difference between the TL Classes 
Conclusions
The present study, with the great feedback of the local fishermen, have identified the months of November and December (spring and summer) of 2017; January, The present study should be used to compare the data obtained with other studies that were carried out in different times and places. Results can be used by biologists as a reference during researches of local fisheries. Other than that, it is very important to provide recent data for dynamic analysis of populations, locals stocks and others.
The knowledge over bluefish biology is extremely important to the ecology and conservation status of this species. 
